A 16-year-old female white whale, Delphinapterus leucas, died after nearly 18 months of chronic lymphopenia and pyogranulomatous dermatitis. Necropsy revealed rupture of the aorta with hemorrhage into the cranial mediastinum and between fascial planes of the ventral neck musculature. Multiple foci of ulcerative dermatitis and panniculitis were present across the thorax and abdomen and surrounded the genital folds. In addition, there was a chronic proliferative pleuritis with over 20 liters of histiocytic exudate in the thoracic cavity. Acid-fast bacteria consistent with Mycobacterium sp. were identified in sections of skin lesions and in cytospins of pleural exudate. Cultures of pleura and 1 skin lesion collected at necropsy yielded sparse growth of an acid-fast bacillus with colony characteristics and morphology consistent with Mycobacterium marinum. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis confirmed the presence of M. marinum DNA in samples of skin. This is the first documented occurrence of mycobacteriosis in a white whale and is a unique presentation of mycobacterial dermatitis and panniculitis with chronic pleuritis in a cetacean. The improved PCR-RFLP protocol utilized in this case unifies techniques from several protocols to differentiate between species of Nocardia and rapidly growing mycobacteria clinically relevant to aquatic animals.
Mycobacterium marinum is one of several pathogenic species in the family Mycobacteriaceae that is ubiquitous to both freshwater and marine sediments. Although a common cause of piscine and amphibian mycobacteriosis, 20, 25 M. marinum is an uncommon opportunistic pathogen in homeotherms, including mice, 3 hedgehogs, 26 Amazon manatees, 16 and humans. 11, 22, 28 Mycobacteriosis in mammals typically follows contamination of skin wounds 28 but also may occur by aerosol transmission. 3, 22 The number of bacteria present in granulomatous lesions of mycobacteriosis is highly variable, with paucibacillary infections being the most difficult to recognize histologically. 28 Accurate diagnosis of mycobacteriosis requires cytologic or histologic examination of lesions combined with ancillary diagnostic tests such as microbiological culture, biochemical identification, and molecular assays for DNA sequence identity. Microbiological isolation and culture of mycobacteria may require over 2 weeks of incubation on selective media, and biochemical iden-tification of the isolate may require an additional 3-4 weeks. Recently, several groups investigating the pathogenicity of mycobacteria have developed molecular biological diagnostic techniques to provide rapid identification of mycobacteria species. 5, 7, 10, 12, 14, 19, 25, 27 This report describes atypical mycobacteriosis, chronic pleuritis, and intercurrent aortic rupture in a captive white whale. Mycobacterium marinum infection was diagnosed with the support of an improved polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) protocol.
Three female white whales (Delphinapterus leucas) were maintained in an indoor exhibit for nearly 14 years before temporary transfer to outdoor holding pools. A 16-year-old female developed marked lymphopenia with a moderate left shift. Three months later, the animal developed intermittent anorexia and dermatologic lesions consistent on gross evaluation with cetacean poxvirus infection. The animal developed a leukocytosis and a focal exudative lesion on its fluke. The whale was treated empirically with 15 mg/kg IM amikacin a daily for 30 days based on presumptive diagnosis of systemic nocardiosis. Microscopic examination of a biopsy of a fluke lesion revealed focal necrotizing dermatitis with intralesional fungal hyphae consistent histomorphologically with Fusarium sp., as previously described from cetaceans and pinnipeds. 6, 15 No fungal growth resulted from culture samples. The skin lesion regressed after 30 days of twice-daily administration of 3 mg/kg oral itraconazole, b but draining fistulous tracts occasionally appeared over the next 45 days. Seven months after the occurrence of fluke lesions, multicentric 1-3-cm-diameter ulcerative lesions appeared on the thoracic and abdominal skin. Histologic examination of 6-mm-diameter punch biopsies of skin lesions was inconclusive. Later deep wedge biopsies revealed necrosuppurative dermatitis and panniculitis. Impression smears from deep margins of skin lesions revealed few intrahistiocytic, Ͻ0.5 ϫ 2 m, banded, acid-fast bacilli consistent morphologically with the genus Mycobacterium. Isolation of mycobacteria was attempted at 22 and 37 C in both light and darkness. The whale's health declined rapidly and the animal died suddenly under treatment. Necropsy was performed within 4 hours of death.
Postmortem samples of 12 skin and blubber lesions, pleura, aorta, and multiple viscera were fixed by immersion in 10% neutral buffered formalin for 36-48 hours, embedded in paraffin, sectioned at 4 m, and stained with hematoxylin and eosin (HE). Additional sections from skin and blubber, lung, and pleura were stained using the Brown and Brenn tissue Gram, Ziehl-Neelsen, and Grocott methenamine silver techniques.
Isolation of mycobacteria was attempted from swabs of purulent exudates from several skin lesions, pleura, and pleural fluid sampled aseptically at necropsy. Samples were streaked onto blood agar plates c and Herrold egg yolk agar (without mycobactin) c and incubated for 9 days at 37 C. Plates and tubes were restreaked and incubated at 30 C in light and darkness. Colony characteristics as well as tests of nitrate reduction, lipid hydrolysis, catalase and urease production, high salt tolerance, and growth ability on MacConkey medium c were used to speciate individual isolates ( Table 1) . Stocks of M. fortuitum d and M. marinum e were compared as controls.
Samples of the pleura and 3 skin lesions (samples 1, 2, and 3) were collected aseptically at necropsy into sterile microcentrifuge tubes. The samples were bisected, and molecular diagnostic analyses were performed from one face; the opposite face was submitted for histologic analysis, resulting in complementary samples for histopathologic and molecular diagnostic evaluation. A microculturette swab c from the purulent core of 1 lesion was obtained separately. All samples for molecular diagnostic tests were frozen and held at Ϫ70 C for later DNA extraction.
DNA was extracted from pleura, selected skin lesions, the microculturette transport swab, and control and specimen cultures using a commercially available kit f according to the manufacturer's protocol except that all samples were heated to 95 C for 20 minutes in lysis buffer, cooled to 55 C for overnight digestion with proteinase K, f then subjected to lytic enzyme digestion g prior to loading onto spin columns. Positive control genomic DNA for PCR amplification was isolated from stocks of M. fortuitum, d M. marinum, e and Nocardia asteroides. h Negative control genomic DNA was isolated from the buffy coat of a blood sample from another white whale. The PCR protocol was devised using computer analysis i of nucleotide sequence data and modification of existing protocols designed to amplify portions of groEL, which encodes a 65-kDa heat shock protein highly conserved among species of Nocardia 12, 19 and Mycobacterium. 12, 24, 27 Oligonucleotide primers 12, 19 [forward (5Ј-CTTCGCCGATGCGGTAA-AGGT-3Ј) and reverse (5Ј-TCGGCGATCAGGTCAC-CGAT-3Ј)] corresponding to positions 315-334 and 736-717, respectively, of the groEL sequence of M. tuberculosis 24 were employed. DNA was amplified in 50-l reactions containing 100-300 ng sample DNA, 5 l 10 ϫ PCR buffer f (with 15 mM MgCl 2 ), 200 M each dNTP, f 40 ng/l forward and reverse primers, 4% DMSO, and 1 U thermostable DNA polymerase. f Reactions were initiated with a 15-minute incubation at 94 C followed by 40 cycles of 45 seconds at 94 C, 45 seconds at 60 C, and 45 seconds at 72 C with 10 minutes of final elongation at 72 C. The PCR products were separated by electrophoresis on 10% polyacrylamide gels, visualized with ethidium bromide staining and transillumination, and recorded using a still-image capture system. j The PCR products were purified on spin columns f prior to restriction endonuclease digestion. Digests were performed in mixtures containing 12 l purified PCR product, 10 U/l BstEII k or HaeIII, k 2 l 10ϫ restriction buffer, k and 4 l distilled water. Digestion mixtures were incubated at 42.5 C overnight, and the resulting nucleotide fragments were resolved by electrophoresis on 12% polyacrylamide gels followed by ethidium bromide staining and UV transillumination. Estimates of molecular size in base pairs (bp) were determined for each fragment by comparison of migration distance to a 50-bp DNA ladder. k The most significant gross pathologic findings were present in the integument and the thorax. Twelve 1-3cm-diameter cavitated lesions were scattered across the skin of the thorax and abdomen and near the genital folds. On cut section, epidermal ulcers with cores of purulent material radiated deep into the blubber (Fig.  1A ). There was severe hemomediastinum and hemopericardium. Hemorrhage and edema extended through the fascial planes of the ventral neck. A 5-cm fullthickness tear in the descending aorta with dissecting intramural hemorrhage was present approximately 10 cm distal to the aortic arch. There was bilateral, asymmetrical, chronic proliferative pleuritis with pleural effusion. The left visceral and parietal pleurae were covered by myriad dense, firm, papillary, fibrous, tan projections (Fig. 1B) , and there were 20 liters of strawcolored effusion. The right pleurae had multifocal and irregularly thick projections with 4 liters of pleural effusion.
Pleural effusion analyzed at a commercial labora-tory 1 consisted of a histiocytic exudate with a total protein of 5.1 g/dl and albumin of 3.3 g/dl. Cytologic examination of cells harvested by centrifugation (i.e., cytospin) from the pleural fluid revealed many vacuolated macrophages, few intact and degenerative neutrophils, and rare, small lymphocytes. Ziehl-Neelsen stains of cytospins revealed occasional, slender, Ͻ0.5 ϫ 2 m, banded, acid-fast bacilli in cytoplasmic vacuoles in a small number of macrophages, consistent with Mycobacterium sp. Histopathologic examination of multiple sections of skin and blubber revealed locally extensive pyogranulomatous dermatitis and panniculitis. Coalescent nodular aggregates of intact and necrotic neutrophils, macrophages, and lesser numbers of lymphocytes and plasma cells infiltrated and expanded the deep dermis and extended into the blubber ( Fig. 2A) . Ziehl-Neelsen stained sections (Fig. 2B ) revealed small numbers of Ͻ0.5 ϫ 2 m, banded, acid-fast bacilli in cytoplasmic vacuoles of occasional scattered macrophages in the dermis and panniculus.
Papillary projections at the visceral and parietal pleural surfaces consisted of dense fibrovascular cores with submesothelial infiltrates of lymphocytes, macrophages, intact and degenerative neutrophils, and few plasma cells. Atelectasis and mild multifocal granulomatous pneumonia were present in the lung lobes. No etiologic agents were identified in additional sections stained using Brown and Brenn tissue Gram, Ziehl-Neelsen, or Grocott methenamine silver techniques. In sections of liver, centrilobular congestion was present with hepatocellular degeneration and necrosis.
Dissecting hemorrhage, fibrin, and edema severely disrupted the aortic wall at the site of rupture. Adjacent to the rupture, the tunica media contained several disorderly swirls of fibroblasts and collagen fibers (Fig.  3) . Several vessels in the vasa vasorum contained foci of fibrinoid degeneration of the tunica media.
A swab from skin lesion 2, a sample of pleura, and pleural fluid were cultured on blood agar plates and Herrold egg yolk agar (without mycobactin). c Growth was not observed after 9 days incubation at 37 C. Plates and tubes were restreaked and placed at 30 C. Growth occurred in 7 days from the swab of the skin and the sample of pleura. The identity of the organism was confirmed through further bacteriological testing ( Table 1) Polymerase chain reaction-restriction fragment length polymorphism analysis (PCR-RFLP) of DNA extracted from skin lesions 1, 2, and 3, pleura, and a swab of skin lesion 2 and its associated culture was performed. All samples except skin lesion 3, pleura, and genomic white whale DNA generated 420 basepair (bp) amplicons consistent with the expected fragment size of 422 bp. 12, 19, 24 The RFLP profiles of amplicons from the whale samples consisted of 2 fragments of approximately 300 and 90 bp after BstEII digestion and 3 fragments of approximately 160, 90, and 80 bp after HaeIII digestion. These patterns were identical to the BstEII and HaeIII digestion patterns of the PCR product of M. marinum and distinct from the digestion patterns of M. fortuitum and N. asteroides (Fig. 4) and matched the expected fragment profiles from referenced sequence analyses 12, 19, 24, 27 or computer analysis.
Mycobacterium marinum is an uncommon pathogen in homeotherms. In studies of carcasses from white whales in the St. Lawrence Estuary, potentially pathogenic bacteria were isolated from 15 of 24 whales. 4 No bacterium predominated, and all represented weak or opportunistic pathogens. 4 Subcutaneous pyogranulomata were found in only 1 animal, but bacteria were not isolated from the lesion. 4 Mycobacterium marinum also was not isolated from stranded cetaceans studied in the northeast USA and along the Gulf Coast of southwest Florida. 2 The history of recurrent disease in this whale and the gross and histopathologic features of the lesions identified at necropsy suggested atypical mycobacterial infection, recurrent fusariomycosis, or nocardiosis.
The relationships between cutaneous and pleural mycobacteriosis and chronic pneumonia are unclear in this animal. Transfer of this whale to an outdoor pool may have resulted in cutaneous trauma that facilitated opportunistic infection. Mycobacterial infection may have occurred independently at multiple sites. Although the animal had a history of chronic lymphopenia, immunosuppression was not diagnosed. There was no evidence of lymphoid depletion in histologic sections of lymph nodes or spleen, and disseminated mycobacteriosis was not seen. Infection may have developed as separate events at multiple cutaneous sites and by inhalation, which has been demonstrated ex-perimentally in mice 3 and was believed to have occurred in an Amazon manatee 16 and a European hedgehog. 26 The modified PCR-RFLP protocol utilized in this case exploits highly conserved regions of groEL to distinguish species of Nocardia and Mycobacterium. 5, 12, 19, 27 Annealing temperature was increased and denaturation, annealing, and extension times were decreased relative to existing PCR protocols 12, 19 in order to allow for PCR amplification of DNA from both tissue lysates and clinical isolates. The primer pairs 12, 19 used in this reaction were capable of amplifying both nocardial and mycobacterial DNA, which was not true of primers used in earlier protocols designed solely to identify mycobacterial isolates by PCR-RFLP 5,27 despite amplifying overlapping regions of groEL. The high GC content of the primers (54 and 57%) and the high degree of continuous and discontinuous complementarity necessitated the addition of 4% dimethylsulfoxide (DMSO) to PCR reactions, as in protocols for Nocardia isolates alone. 19 No appreciable amplification was obtained in reactions with lower concentrations of DMSO.
Restriction endonuclease digestion of the 422-bp amplification product using HaeIII is reported to yield the most informative RFLP pattern. 12 The protocol developed for use in this case used 2 RFLP digestion profiles to resolve possible interspecies identities. The combination of BstEII and HaeIII digestions has been used in PCR-RFLP protocols designed to identify mycobacterial isolates to the species level and discriminates between several difficult-to-differentiate, rapidly growing, nonchromogenic species found in water including M. chelonae, M. fortuitum, M. abscessus, and M. peregrinum. 5 The cause of this whale's death was decompensatory shock from hypovolemia and circulatory insufficiency resulting from aortic rupture, a condition unrelated to the diagnosis of mycobacteriosis. No gross lesions consistent with an aortic aneurysm were identified. Aortic rupture in the absence of aneurysmal changes has not been reported previously in a white whale. Aortic aneurysm, often with extensive dissection of the tunica media, is reported in humans and several species of nonhuman primates 8, 9 and is associated with vasculitis, arteriosclerosis, or degenerative vascular disease. In horses 29 and dogs, 1 aortic aneurysm is associated with chronic vascular degeneration and necrosis caused by verminous arteritis. Rupture of an aneurysm of the pulmonary trunk has been reported previously in a white whale from the St. Lawrence Estuary and was associated with verminous pneumonia. 13 The whale in this report had been held in captivity for 15 years and had been treated with anthelminthics and maintained on a diet of frozen fish. Par-asites were not identified on gross or histologic examination of this animal.
Altered vascular integrity may have contributed to aortic rupture in this animal in the absence of aneurysm formation. Multifocal elastin and collagen fiber disruption and lysis in the tunica media were identified in sections of aorta adjacent to the site of rupture, suggesting chronic degenerative changes prior to death. Aortic dissection is most often associated with chronic hypertension in humans 23 but also is a rare complication of arterial cannulation and pregnancy. 23 Connective tissue abnormalities such as Marfan syndrome typically are not associated with aneurysmal dilation of the aorta. 23 Hyaline arteriolosclerosis and hyperplastic arteriolosclerosis, key histologic findings in chronic hypertension in humans, 23 were not observed in vessels in this animal. Marfan syndrome, which is well described in cattle 17, 18 is associated with aortic rupture. Atrioventricular valvular lesions and histologic evidence of cystic medionecrosis of vessels have not been documented previously in cetaceans and were not present in this animal. In this case, the aorta showed evidence of chronic degeneration that was histologically inconsistent with the degenerative vascular changes of chronic hypertension or Marfan syndrome. Ingestion of sweet pea (Lathryrus odoratus) or aflatoxin-contaminated feed has contributed to dissecting aortic aneurysm in rats and turkeys, respectively. 9 Dietary analysis was not performed in this case, but 2 other adult white whales from the same pool showed no evidence of nutritional deficiency or intoxication. Blunt-force trauma is an unusual cause of aneurysm and vascular rupture. 9 The thorax of marine mammals is flexible to allow for compression of air in the respiratory system during deep dives, 21 so their great vessels may be at increased risk of rupture from acute trauma. 13 Although the precise cause of aortic rupture in this whale is undetermined, no evidence relates it to the diagnosis of mycobacteriosis in the skin, blubber, and pleura.
This report of multicentric nontuberculous mycobacteriosis caused by M. marinum highlights the need for careful sample collection at necropsy and the value of complementary molecular diagnostic tests for the accurate diagnosis of atypical bacterial pathogens. The novel PCR-RFLP protocol utilized in this case is applicable to samples containing widely varying quantities of target versus nontarget DNA.
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